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Abstract 
It is widely accepted that forests offer many important benefits, such as providing natural habitats for animal species or 
helping to diminish the greenhouse effect by storing carbon emissions. Forests are associated with helping to reduce flooding 
and represent the main source of wooden material. From a more subjective perspective, forests serve as places with both 
spiritual and recreate value. As a major global carbon deposit, forests have a critical role in influencing the Earth’s ecosystem 
and climate. Given the fact that people are also part of the ecosystem we may only ask ourselves: “Is there any influence of 
the forests on the population’s health? This paper aims to analyse the links between the forest area and the volume of harvested 
wood and the population’s health degree. In order to determine these links we will use a panel-type econometric model for 
the development regions of Romania.  The econometric analysis aims to confirm a cause-effect relationship between the 
forests and the population’s health degree. 
 
© 2015 Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license  
(http://creativecommons.org/licenses/by-nc-nd/3.0/). 
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1. Introduction  
 
Forests produce a variety of economic goods (like wood, berries, mushrooms). They also provide services 
useful for the population such as CO2 retention, hydrology and soil protection, or serving as natural habitats for 
animal species and hunting regions. The goods and services provided by forests may have commercial value(due 
to their selling potential), may have personal usage value (when only owners benefit from them) or cultural 
value(secular forests, of historical and cultural interest). Because of the fact that many of the services provided 
by forests are difficult to be financially quantified the benefits offered to society are often diminished. When we 
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want to find out the total value of the forest’s benefits for society, according to the most writings in the field, it 
is necessary to consider the following elements: 
• The average value of sold wood (the volume of wooden material sold annually at the average price); 
• The value of non-commercialized wood (wooden material used as firewood or construction materials for their 
owners); 
• The value of forest products (truffles, mushrooms, berries, herbs, etc.);  
• The value of the recreative activities such as sports, picnics, hunting and fishing;  
• The value of biodiversity conservation services;  
• The value of the carbon storing (which is established on market through CO2 emission rights);  
• The value of soil protection, assurance of the water’s, diminishing of avalanches effects (which can be 
determined based on the amount of money invested in fighting soil erosion and torrential formations);  
• The value of air purification and retention of dust particles. 
 
This paper wants to draw attention to other values that should be associated with the forests, more specifically 
an anthropogenic value based on their influence on the population’s  health. In this matter  we aim to test the 
links between the forest area, the volume of harvested wood and the public health, the latter being represented 
by a proxy indicator, like the number of deaths. To identify these connections we used a panel-type econometric 
model of the development regions of Romania. Using the econometric analysis we intend to test the correlation 
between the forests and the population health. 
 
2. The situation of forest area at national level 
 
The Romania’s forest area measured 6530 thousand hectares in 2012 (see Fig.1). Compared to 1990, the forest 
area has been slightly decreasing from 1991 to 2001, the decrease ranging annually between   -0.05% and -0.08% 
from the forest area in 1990. Since 2002, the forest area recorded a slight increasing over the same period, which 
ranged from +0.26% to +2.48%, except for 2003 when there was a decrease of  -0.04% (processing data from 
Appendix 1). 
 
Fig. 1. The forest area of Romania during 1990-2012 (thousand hectares) 
 
Source: Processing data from Appendix 1 
 
   The widest forest areas in Romania are in the North-East, Central and Western regions, totaling more than 3 
million hectares (see Fig.2). The largest forest area is located in Transylvania more specifically in the Central, 
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North-Western and Western regions, representing 51% of the national forest area (see Fig.2). 
 
Fig. 2 Structure of the forest area by regions in 2012 (%) 
 
 
 
Source: Data from the TEMPO database of the National Institute of Statistics (NIS). The data are presented in Appendix 1. 
 
Regarding harvested wood, compared to 1990, the number of cut trees diminished from 1991 to 2001, but 
after 2002, it started to increase, reaching +14.61% in 2012 (see Table in Appendix 2). The largest amount of 
harvested wood has been registered in the North-East region (5,333,700 cubic meters in 2012) and in the Central 
region (4,265,400 cubic meters in 2012) (sees Figure 3). 
 
Fig. 3 Volume of harvested wood by region in 2012 (thousand cubic meters) 
 
 
Source: Data from the TEMPO database of  the NIS. The data are presented in Appendix 2. 
 
Both the volume of harvested wood and the forest area on a national scale have been following a similar 
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trend compared to 1990 (see Fig.4). There exists a positive correlation between the two indicators, 64% of the 
harvesting wood growth variance being explained by the variance of the forest area growth. 
 
Fig. 4 Growth of the harvested wood volume and the forest area (1990 = 100) 
 
Source: Processing statistical data from Appendix 1 and Appendix 2 
 
 
3. Methodology 
 
To achieve an econometric analysis of the developing regions and the influence of forests on the population’s 
health were selected the following statistical indicators:  
•The forest area (thousand ha);  
• The volume of harvested wood (thousand cubic meters);  
• The number of deaths.  
The data for the 8 developing regions of Romania which will be analyzed in this paper, have been extracted 
from the NIS database TEMPO from 1990 to 2012. The information regarding these indicators is presented in 
Appendixes (Appendix 1 – forest area (thousand ha), Appendix 2- volume of harvested wood (thousand cubic 
meters), Appendix 3- number of deaths). We will study the existence of a linear dependence between the number 
of deaths, the size of the forest area and the volume of harvested wood.  Table no.1 presents the variables of the 
model. 
 
Table 1. Variables of equation 
 
Notation Meaning Variable type 
DEC number of deaths Endogenous 
FF forest area (thousand ha) Exogenous 
VL volume of harvested wood (thousand cubic meters) Exogenous 
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the analysis we used the econometric panel data. Using a panel-type model means jointly analyzing the cross-
sectional observations (in our case the dimensions of the 8 regions), observations registered over several periods 
of time. The data of the model are extracted for 21 years (1990-2012) time range, gathering separate information 
for each development region of Romania.  
We chose the panel analysis in order to identify the variability due to cross sections (regions entered in the 
analysis) or the variability due to the years of measurement. 
We chose a model with fixed effects specific to each region and common coefficients for the exogenous 
variables. Assuming that both volume of harvested wood and forest area don’t have immediate effects on the 
population’s health, we considered a delay of 1 year between the measurement moment for the exogenous 
variables and the moment when the impact can be depicted and assessed on the population’s health. The 
exogenous variables also went through a process of smoothing using the logarithm function due to the 
fluctuations of the variables. The general equation of the model (1) is shown below and will be explained later 
using the model results for each region. 
 
 
 
ሺͳሻܦܧܥ̴ܴܧܩ௜ ൌ ܥ௜ ൅ ሺͳሻ ൅ ሺʹሻ כ 
൫		̴ܴܧܩ௜ሺെͳሻ൯ ൅ ሺ͵ሻ כ 
൫ܸܮ̴ܴܧܩ௜ሺെͳሻ൯ 
 
where: ୧i=1,8 are the region-specific fixed effects  
    C(i)  i=1,3 are the model coefficients 
ܦܧܥ̴ܴܧܩ௜ the number of deaths in the region "i" in the year "t" 
		̴ܴܧܩ௜ሺെͳሻ is the size of the forest area in the region "i" in the year "(t-1)"                 
         ܸܮ̴ܴܧܩ௜ሺെͳሻ is the volume of harvested wood  in the region "i" in the year "(t-1)" 
 
4. Results  
 
Based on the assumptions presented above, we obtained the results presented in Table no. 2: 
 
Table 2   Results of the multiple linear regression (Dependent Variable: DEC) 
Dependent Variable: DEC?   
Method: Pooled EGLS (Cross-section weights)  
Date: 05/28/14   Time: 19:35   
Sample (adjusted): 1991 2012   
Included observations: 22 after adjustments  
Cross-sections included: 8   
Total pool (balanced) observations: 176  
Linear estimation after one-step weighting matrix 
Variable Coefficient Std. Error t-Statistic Prob.  
C 115045.1 28643.31 4.016473 0.0001
LOG(FF?(-1)) -13610.58 4794.683 -2.838682 0.0051
LOG(VL?(-1)) 567.0149 337.7584 1.678759 0.0951
Fixed Effects (Cross)     
_NE--C 17689.75    
_SE--C -429.5953    
_SUD--C 13479.90    
_SV--C 2439.607    
_VEST--C 148.8589    
_NV--C 8409.967    
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_CEN--C 5695.770    
_BIF--C -47434.26    
 Effects Specification   
Cross-section fixed (dummy variables)  
 Weighted Statistics   
R-squared 0.954446    Mean dependent var 34686.05
Adjusted R-squared 0.951976    S.D. dependent var 6795.378
S.E. of regression 1431.507    Sum squared resid 3.40E+08
F-statistic 386.4476    Durbin-Watson stat 0.639514
Prob(F-statistic) 0.000000    
 Unweighted Statistics   
R-squared 0.955468    Mean dependent var 32820.31
Sum squared resid 3.42E+08    Durbin-Watson stat 0.573571
 
In this case, the coefficient R2 is significantly close to 1 and the statistical tests for model coefficients confirm 
that they differ significantly from 0 for a confidence level of 95%. The results of the calculations in terms of 
regression equation for each region are presented below: 
North-East region 
(2)  DEC_NE = 17689.74 + 115045.09 - 13610.58*LOG(FF_NE(-1)) + 567.01*LOG(VL_NE(-1)) 
South-East region 
(3)  DEC_SE = -429.59 + 115045.09 - 13610.58*LOG(FF_SE(-1)) + 567.01*LOG(VL_SE(-1)) 
South region 
(4)  DEC_SUD = 13479.89 + 115045.09 - 13610.58*LOG(FF_SUD(-1)) + 567.01*LOG(VL_SUD(-1)) 
South-West region 
(5)  DEC_SV = 2439.60 + 115045.09 - 13610.58*LOG(FF_SV(-1)) + 567.01*LOG(VL_SV(-1)) 
West region 
(6)  DEC_VEST = 148.85 + 115045.09 - 13610.58*LOG(FF_VEST(-1)) + 567.01*LOG(VL_VEST(-1)) 
North-West region 
(7)  DEC_NV = 8409.96 + 115045.09 - 13610.58*LOG(FF_NV(-1)) + 567.01*LOG(VL_NV(-1)) 
Central region 
(8)  DEC_CEN = 5695.76 + 115045.09 - 13610.58*LOG(FF_CEN(-1)) + 567.01 (VL_CEN(-1)) 
Buharest-Ilfov region 
(9)  DEC_BIF = -47434.25 + 115045.09 - 13610.58*LOG(FF_BIF(-1)) + 567.01*LOG(VL_BIF(-1)) 
Calculations show that fixed effects are significant, these effects are not redundant. The hypothesis that the 
fixed effects are redundant can be rejected at a significance level of 0.0000 (4 decimals) (see Table 3). 
 
Table 3 Results of the redundant fixed effects test  
Redundant Fixed Effects Tests   
Pool: POOL03    
Test cross-section fixed effects  
Effects Test Statistic  d.f. Prob. 
Cross-section F 415.749193 (7,166) 0.0000
 
Also, if we want to test the hypothesis that the individual effects are random and not fixed, we use the Hausman 
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test†. Hausman test results lead us to reject this hypothesis for a confidence level of 96% (100% -3.9%) (See 
Table 4). So we cannot accept the random effects model and we will consider the fixed effects model as being 
the correct one. 
 
Table 4 Results of Hausman test  
Correlated Random Effects - Hausman Test  
Pool: Untitled    
Test cross-section random effects  
Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob. 
Cross-section random 6.443243 2 0.0399
Cross-section random effects test comparisons: 
Variable Fixed  Random Var(Diff.) Prob. 
LOG(FF?(-1)) -14332.42 729.40 40567722.13 0.0180
LOG(VL?(-1)) 436.90 -270.09 91670.02 0.0195
 
   
5. Conclusions  
 
The conclusions of the model are the following:  
1. The growth of the forest area leads to the decrease of the number of deaths within the region. The 
increasing with +1% of the forest area, leads to the decrease of the number of deaths with -135 people 
in the next year. If the forest area increases with +10%, the number of deaths decreases with -1,297 
people (see Table 5). 
 
Table 5: Influence of forest area growth on the number of deaths 
Forest area (thousand ha) (growth in the year „n-1”) (%) +1% +5% +10% 
The number of deaths (nominal decrease in the year „n”) - 135 people - 664 people -1297 people 
  
2. The growth of the volume of  harvested wood leads to the increase of the number of deaths in the regions. 
The increasing with  +1% of the volume of  harvested wood leads to the increase of the number of deaths 
with +6 people in the next year. If  the volume of harvested wood increases with +10% , the number of 
deaths increases with +54 persons (see Table 6).  
 
Table 6:  Influence of wood volume harvested on the total number of deaths  
Volume of harvested wood (thousand cubic meters) (growth 
rate in year „n-1”) (%) 
+1% +5% +10% 
The number of deaths (nominal increase in the year „n”) + 6 people + 28 people + 54 people 
 
3. The impact of these influences is a different one for each region. For example, increasing the size of the 
forest area in the Bucharest-Ilfov region with only +1% (meaning 263 ha) would lead to a saved life at 
each 200 dead people, while increasing the volume of harvested wood in the same region with only +1% 
(meaning 735 mc) would lead to an increase of the number of deaths with +6 people. For the North-
 
 
†   Hausman test is used to determine whether the effects of individuals “i” (in our case i = 1,8) are random or fixed. The null hypothesis is 
that the individuals’ effects are random and it is tested based on the data entered into analysis. 
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Eastern region, the biggest concerning forest area, increasing the size of the forest area with +1% 
(representing 11,924 ha) would lead to a saved life at each 300 dead people, while increasing the volume 
of harvested wood with only +1% (representing 53,337 mc) would increase the number of deaths with 
+6 people. 
 
Using this model we tried to bring the attention to the few aspects concerning the forest influence on mortality. 
Panel-type econometric model results confirm a cause-effect relationship between the forest (forest area size and 
volume of harvested wood) and the health of the population represented by a proxy indicator, in our case the 
number of deaths. The model shows a positive correlation between the number of deaths at a regional level and 
the size of the forest area and a negative correlation between the number of deaths and harvested wood. Having 
considered these results, this paper is a further argument for increasing the forest area and decreasing the volume 
of harvested wood, in particular to stop the illegal wood cutting. 
The analysis could be extended in the near future on the links at county level for Romania between the 
indicators mentioned above. Also, the results obtained for Romania could be compared with the results given by 
the application of the model on the EU countries.  
Given that the econometric analysis brings to our attention results which are statistically affected by errors, 
reflecting a situation for a time range and also that the set of indicators used by our econometric model could be 
improved, the results of econometric analysis performed on aggregated data should be cautiously interpreted. 
 
Appendix 1 Forest area by regions (thousand hectares) 
Years Total  North-East South-East  South South-West West North-West Central Buc-Ilfov 
1990 6371 1186.6 541.9 660.9 806.5 1000.2 963.5 1185.1 26.3 
1991 6367.6 1185.7 539.6 666.9 806.1 1000.2 964.0 1185.2 19.9 
1992 6368.2 1185.4 539.7 660.4 805.9 1000.3 964.6 1185.6 26.3 
1993 6366.9 1185.4 540.0 659.9 807.6 1002.5 960.8 1184.5 26.2 
1994 6369 1186.4 542.7 659.4 806.6 998.1 964.7 1184.6 26.5 
1995 6368.8 1185.7 543.3 660.9 799.5 1004.3 964.5 1184.3 26.3 
1996 6365.7 1185.2 541.3 661.2 799.6 1004.3 963.0 1184.8 26.3 
1997 6367.3 1185.3 542.0 660.4 799.9 1004.3 964.2 1184.8 26.4 
1998 6367.1 1185.6 541.6 660.0 801.4 1003.2 964.0 1184.9 26.4 
1999 6367.3 1185.3 541.6 660.1 801.7 1003.3 964.1 1185.0 26.2 
2000 6366.5 1184.8 541.5 659.3 801.6 1003.3 964.3 1185.2 26.5 
2001 6366.8 1184.8 541.2 659.4 801.9 1003.5 964.3 1185.1 26.6 
2002 6387.8 1185.2 550.2 659.2 804.1 1004.2 977.7 1180.6 26.6 
2003 6368.5 1188.0 542.6 655.8 802.0 1003.0 966.3 1184.2 26.6 
2004 6382.2 1190.8 551.2 656.0 803.6 1003.1 963.9 1187.0 26.6 
2005 6390.6 1193.3 550.6 657.1 801.7 1002.7 968.2 1190.4 26.6 
2006 6427.7 1189.1 542.8 659.0 801.3 1018.2 963.9 1226.8 26.6 
2007 6484.6 1188.4 551.9 657.3 804.9 1023.4 967.7 1264.5 26.5 
2008 6469.9 1181.2 547.1 657.2 804.1 1024.2 977.2 1252.4 26.5 
2009 6494.7 1189.8 551.8 657.0 806.1 1027.1 979.3 1257.3 26.3 
2010 6515.1 1190.7 552.2 659.1 806.5 1038.0 986.6 1255.6 26.4 
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2011 6521.8 1192.0 548.7 658.6 807.5 1040.5 988.5 1259.6 26.4 
2012 6529.1 1192.4 551.4 658.7 808.5 1042.1 989.7 1259.9 26.4 
Source: National Institute of Statistics, TEMPO database 
 
Appendix 2 Volume of harvested wood by region (thousand cubic meters) 
Years Total North-East South-East  South South-West West North-West Central Buc-Ilfov 
1990 16649 4130.80 1214.30 1517.70 1634.10 2232.60 2142.40 3714.70 62.40 
1991 15377.1 3723.00 1132.80 1620.20 1676.30 2026.30 1933.20 3263.30 2.00 
1992 14419.3 3489.70 1158.10 1496.00 1587.30 1940.70 1754.10 2926.00 67.40 
1993 13590.7 3635.90 1071.10 1476.70 1386.60 1725.90 1685.20 2543.00 66.30 
1994 12942.1 3469.60 1057.60 1368.90 1340.00 1562.30 1598.00 2475.00 70.70 
1995 13812.7 3355.60 1062.70 1313.10 1362.50 1540.10 1680.10 3425.20 73.40 
1996 14803.3 3254.70 1114.50 1407.20 1434.40 1714.50 1807.50 3983.00 87.50 
1997 14508.5 3196.80 981.90 1252.60 1367.50 1675.60 1821.30 4143.10 69.70 
1998 12642 3131.20 914.50 1170.90 1073.90 1422.90 1418.10 3439.30 71.20 
1999 13718.1 3690.20 1026.30 1215.50 1098.00 1530.60 1635.30 3458.80 63.40 
2000 14284.7 3771.30 1100.20 1379.30 1190.40 1673.70 1670.00 3407.90 91.90 
2001 13410.3 3521.90 990.00 1488.60 1164.00 1656.50 1523.60 2985.40 80.30 
2002 16383.1 5380.60 1147.90 1512.60 1291.20 2005.10 1848.00 3108.00 89.70 
2003 16691.5 5545.60 1080.30 1528.70 1235.50 1901.90 1953.10 3352.90 93.50 
2004 17082.1 4561.10 1372.90 1778.60 1406.80 2158.10 2173.50 3533.20 97.90 
2005 15671.3 3937.30 1160.90 1669.10 1231.60 1901.60 2001.40 3669.20 100.20 
2006 15684 4039.10 1181.50 1604.30 1218.00 1996.30 1996.30 3557.90 90.60 
2007 17237.6 4875.50 1160.10 1580.90 1252.70 2000.80 2320.40 4040.90 6.30 
2008 16704.6 4755.40 1109.40 1462.20 1326.70 1925.50 2109.70 3937.30 78.40 
2009 16519.9 4937.10 1119.70 1234.00 941.00 1957.70 2069.00 4185.00 76.40 
2010 16991.6 4977.80 1106.20 1564.20 1218.20 2088.10 2054.00 3911.80 71.30 
2011 18705 5167.40 1297.50 1764.60 1382.90 2295.10 2337.40 4385.20 74.90 
2012 19081.2 5333.70 1371.90 1958.20 1412.40 2252.70 2413.40 4265.40 73.50 
Source: National Institute of Statistics, TEMPO database 
 
Appendix 3 Number of deaths by region (number of people) 
Years North-East South-East  South South-West West North-West Central Buc-Ilfov 
1990 35655.0 29405.0 41861.0 29199.0 25944.0 33300.0 27620.0 24102.0 
1991 36957.0 30196.0 42351.0 29444.0 26324.0 34148.0 27586.0 24754.0 
1992 38554.0 30672.0 44571.0 31048.0 27362.0 36561.0 29153.0 25934.0 
1993 38880.0 31070.0 43937.0 30367.0 26916.0 36422.0 29551.0 26180.0 
1994 40578.0 33122.0 43914.0 30528.0 26762.0 36192.0 29104.0 25901.0 
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1995 41177.0 33265.0 45839.0 31686.0 27046.0 35955.0 29875.0 26829.0 
1996 44389.0 35309.0 48726.0 33657.0 27993.0 37055.0 30888.0 28141.0 
1997 42654.0 34368.0 47132.0 33024.0 27190.0 36913.0 30828.0 27206.0 
1998 40911.0 32809.0 45510.0 32213.0 26277.0 35583.0 29763.0 26100.0 
1999 40623.0 32960.0 44570.0 31313.0 25948.0 34854.0 29384.0 25542.0 
2000 40176.0 31969.0 42911.0 29327.0 24626.0 33976.0 27738.0 25097.0 
2001 40539.0 33128.0 43879.0 30151.0 24594.0 34134.0 28249.0 24929.0 
2002 42815.0 33835.0 46023.0 32107.0 24899.0 34776.0 29822.0 25389.0 
2003 43264.0 33756.0 45669.0 31074.0 25075.0 33934.0 28699.0 25104.0 
2004 40959.0 32334.0 43479.0 30348.0 25023.0 34010.0 28555.0 24182.0 
2005 41071.0 32431.0 44412.0 30969.0 25078.0 33798.0 28805.0 25537.0 
2006 40287.0 32153.0 43498.0 29858.0 24784.0 33155.0 28950.0 25409.0 
2007 40491.0 32375.0 42288.0 29083.0 23362.0 31735.0 27517.0 25114.0 
2008 40843.0 32805.0 42917.0 29315.0 23362.0 31377.0 28049.0 24534.0 
2009 42066.0 33215.0 43620.0 29355.0 23908.0 32124.0 28329.0 24596.0 
2010 43351.0 34042.0 43588.0 29663.0 24064.0 31903.0 28266.0 24846.0 
2011 40996.0 33042.0 42711.0 28272.0 23218.0 31013.0 27465.0 24722.0 
2012 42456.0 33641.0 43246.0 28339.0 23012.0 31590.0 27677.0 25578.0 
Source: National Institute of Statistics, TEMPO database 
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